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Abstract 
Holterman H.J. Off-target dust deposition for two granule application techniques. 
Calculations based on the IDEFICS spray drift model. 
Agrotechnology & Food Innovations (A&F), Wageningen UR, Wageningen, The 
Netherlands. September 2004. 35 pp. English. 
Generally, spray drift during pesticide application is considered one of the major routes of 
contamination of surface waters. This is opposed to granular applications which are ideally 
considered drift-free. Recendy the question was raised whether the deposition of airborne dust 
particles from granular formulations can be regarded as a serious risk to surface waters as well. 
To investigate this problem the downwind drift was studied for individual particles, of various 
discrete sizes ranging from 10 urn up to 250 urn. Three surface water bodies were considered: 
'ditch', 'stream' and 'pond', as defined by the FOCUS Surface Water (SW) group. Two granular 
application techniques were studied: a spinning disc technique and a boom spreader. The former 
technique is characterized by particles ejected from a fast rotating horizontal disc; consequendy a 
relatively wide swath is covered by a single disc. The latter technique typically involves the release 
of granules along a continuous boom, with release velocity almost zero; granules reach the 
ground by free fall. 
The IDEFICS spray drift model was slightiy modified to deal with particles applied using a 
spinning disc technique. Simulations were carried out at moderate and strong wind (3 and 5 m/s 
respectively, measured 2 m above bare ground) and under neutral and unstable conditions. 
Weighed deposits for an imaginary granule formulation were estimated. For a boom spreader up 
to about 3% of the applied dosages may deposit onto a ditch or stream, while 0.2% may reach 
the surface of a pond. For a spinning disc technique these deposition levels are roughly 1.5% and 
0.2%, respectively. Generally, weighed deposits are sensitive to changes in wind velocity and 
rather insensitive to changes in stability. Reducing the height of release from 0.5 m down to 
0.25 m significandy reduces deposits (i.e. 20-40% reduction for the contribution of 10 um 
particles, 80-95% reduction for 150 um particles). When actual particle size distributions for 
granules will be available, the current results can be used to make more realistic estimates. 
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1 Introduction 
Generally, spray drift during pesticide application is considered one of the major routes of 
contamination of surface waters. This is opposed to granular applications which are ideally 
considered drift-free. Recently the question was raised by the scientific panel on Plant Health, 
Plant Protection Products and their Residues (PPR) of the European Food Safety Authority 
(EFSA) whether the deposition of airborne dust particles from granular formulations can be 
regarded as a serious risk to surface waters as well. 
Granular pesticides must meet several chemical and physical conditions. In this study only the 
particle si2e spectrum of the granular formulation is relevant. According to international 
standards granules must satisfy the following requirements (CIPAC, 1995): 
- the fraction passing a 250 pm sieve must not exceed 4% by weight (CIPAC method MT 58.3); 
- the fraction passing a 150 ^im sieve must not exceed 1% by weight (CIPAC method MT 58.3); 
- a granule must be 'essentially non-dusty' (CIPAC method MT 171), i.e. not more than 0.1% 
dust by weight. 
'Dust' from granules is not clearly defined by size range however. Roughly, particles smaller than 
50 |im can be considered 'dust'. The CIPAC Handbook defines 'dust' as a (dustable) powder 
consisting of particles mainly smaller than 250 Jim, whereas a 'fine dust' is a (dustable) powder 
mainly consisting of particles smaller than 75 |^m (CIPAC, 1995). Strictly, these definitions apply 
to a dustable powder, not to a granule. 
Following the above requirements, and filling in the gaps in the size range, in this study particle 
sizes 250,150, 100, 75, 50, 25 and 10 ^m are selected. Additionally, two application techniques 
are considered. The first technique uses spinning discs to supply the granules. Granules are 
ejected with a relatively high horizontal velocity in an arbitrary direction limited only by the 
opening angle of the disc cover. The second technique uses a boom spreader from which 
granules are released along a continuous line at almost zero velocity, and granules are transported 
to the ground by free fall only. 
Downwind deposits of particles are calculated using the IDEFICS spray drift model, which was 
slightly modified to incorporate a spinning disc dispenser. For the boom spreader no adaptations 
were necessary. The selected weather conditions represent realistic worst case situations. 
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2 Methods 
2.1 Simulations 
The simulations in this study were carried out using the IDEFICS spray drift model, which was 
originally developed for calculation of downwind spray deposits shortly after a treatment of a 
field crop using a conventional boom sprayer (Holterman, et al, 1997). The model was adapted to 
incorporate a particle dispenser of the 'spinning disc' type. No further adaptations were 
necessary. The unique version number of the adapted model is 3.312. 
The following conditions were used in the simulation study, both for the spinning disc and the 
boom spreader: 
- a range of mono-disperse granules is studied; 
- spherical particles of diameter 250,150, 100, 75, 50, 25 and 10 urn; 
- particles are non-evaporating; with density 1000 kg/m ; 
- application onto bare ground (or cut grass; equivalent crop height 0.05 m); 
- granule release height 0.50 m above the crop canopy (a few calculations on 0.25 m release 
height are included); 
- full field application of dry granules (essentially an infinite number of upwind swaths treated); 
- average wind velocity 3 and 5 m/s at 2 m height above cut grass; 
- atmospheric stability: neutral or unstable. 
Atmospheric stability conditions are quantified by the Monin-Obukhov (MO) length. This length 
indicates the height above which thermally induced mixing effects become the major cause of 
turbulence. Such effects occur e.g. on a sunny day. Closer to the earth surface, below the MO-
length, mechanically induced mixing (shearing) is more important. Consequently neutral 
conditions are characterized by an infinite MO-length, while this length is finite in stable and 
unstable conditions. By definition, unstable conditions have a minus sign in the MO-length. As 
shearing increases near the earth's surface when wind velocity increases, MO-length must 
increase with increasing wind velocity. On a bright sunny day, at wind velocity of 5 m/s , 
conditions are slightly to moderately unstable, around Pasquill's turbulence classes B or C 
(Hanna, et al, 1982). A MO-length of -15 m fits well in this stability range. When wind velocity is 
only 3 m/s on a sunny day, moderately unstable conditions occur (Pasquill's class B); a MO-
length of-7.5 m is appropriate in this case. These MO-lengths are selected in this study to 
represent unstable conditions at 3 and 5 m/ s wind velocity. 
2.1.1 Spinning disc 
For the simulations involving the spinning disc a few additional conditions were set: 
- granules were applied using horizontally spinning discs; each disc was centred on a 12 m 
swath (see below); 
- consequendy, discs were located at 6, 18, 30, 42 m and so on, upwind from the field edge; 
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- initial velocity of granules is horizontal, in a evenly circular distribution; initial velocity 20 m/s 
(see below). 
According to Matthews and Hislop (1993), rotation rate for a spinning disc technique is about 
2000 rpm, which is equivalent to about 210 rad/s; the covered swath is a (half) circle with a 
radius of roughly 6 m. Consequendy the swath width is 12 m; this swath width is assumed in all 
calculations for the spinning disc technique. 
Hofstee (1993) carried out various measurements on spinning disc fertilizer spreaders. His results 
indicated initial velocities between 20 and 30 m/s , while projected distance was on average 10-
12 m with a release height of 0.78 m. An initial velocity of 20 m/ s therefore is reasonable. It 
should be noted that initial velocity and swath width are related quantities, where particle size and 
release height are important parameters (see Appendix A). 
2.1.2 Boom spreader 
For the simulations involving the boom spreader the following additional conditions were set: 
- granules were applied with a initial velocity of 1 m/s vertically downward (see below); 
- the continuous boom was simulated by discrete particles sources, narrowly distributed at 
0.1 m apart from each other (see below); 
- consequendy, granule sources were located at 0.05, 0.15, 0.25 m and so on, upwind from the 
field edge. 
In principle, granules applied using the boom spreader have zero initial velocity. In practice, 
particles accelerate while still inside the boom spreader. Besides, the simulation model does not 
allow zero initial velocity. Therefore a small initial velocity was assumed, vertically downward. A 
velocity of 1 m/s was selected arbitrarily, yet such a velocity is small enough to mimic zero 
release velocity. 
The current version of the simulation model cannot deal with a continuous (line) source. 
Therefore the line source was approximated by a series of closely spaced point sources. A spacing 
of 0.1 m between the point sources proved to be small enough to hide possible effects of the 
discretization. The first point source was considered to be centred on an imaginary 0.1 m 'swath'. 
2.1.3 Spray drift 
To compare downwind dust deposits with deposits of spray drift for conventional boom 
sprayers, a few additional simulations for a liquid pesticide were carried out. These included 
spraying of bare ground and at two crop size levels. To imply a realistic worst case, relatively fine 
nozzles were selected (BCPC F/M threshold nozzles; VMD 220 ^im; V100 10%), and an average 
wind velocity of 5 m/s was used. 
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2.2 Deposition units and characteristic parameters 
In this study deposition units like 'percentage of applied dosage' are used. This section may 
clarify the meaning of such a unit. 
If all particles applied are distributed evenly within a single swath, the deposition rate is said to be 
100%. Usually this approach is used for the whole application, i.e. for the mixture of all granule 
sizes. However, the same method can be applied to the granules of a single size as well. In that 
case, if all granules of a given size were evenly distributed over the swath, a deposit rate of 100% 
for that granule size is assumed. Generally, however, for each granule size the distribution of 
deposited particles is uneven. Suppose on a certain location the deposit rate is only one tenth of 
the ideal even rate (for that granule size), then the deposit rate is said to be 10% of the applied 
dosage. 
2.3 Surface water bodies 
Usually deposition curves are presented as functions of distance with respect to location of the 
point source delivering the particles. For practical interpretation often the averaged deposits onto 
the surface of a water body are required. The FOCUS-Surface-Water (SW) Group defined three 
types of surface waters: 
- Ditch: bank width 0.5 m; water surface width 1.0 m; 
- Stream: bank width 1.0 m; water surface width 1.0 m; 
- Pond: bank width 3.0 m; water surface width 30.0 m. 
The point source is located in the centre of the swath. For the spinning disc at the centre of a 
12 m swath, the disc is 6 m upwind from the field edge. For the discretized boom spreader, the 
outer point source is 0.05 m from the field edge. In the calculations it is assumed that the 
distance from field edge to the top of the (first) bank of the surface water is 0.5 m 
(corresponding to e.g. cereals and vegetables according to FOCUS-SW). Adding the various 
distances, the location of the water bodies with respect to the outmost point source can be 
calculated (Table 1). 
Table 1 Definition of location of water surfaces in this study for three water body types. 
„ , . Water body • " „„„„.„ Field edge to Bank Surface Relative location 
Technique ^ J ^ J ^ top of bank width water width of water surface ' 
M H N N 
Spinning disc 
Boom spreader 
Ditch 
Stream 
Pond 
Ditch 
Stream 
Pond 
0.5 
0.05 0.5 
0.5 
1.0 
3.0 
0.5 
1.0 
3.0 
1.0 
1.0 
30.0 
1.0 
1.0 
30.0 
H_ 
7.0 - 8.0 
7.5 - 8.5 
9.5 - 39.5 1.05-2.05 
1.55-2.55 
3.55 - 33.55 
1
 relative to outmost point source of particles 
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2.4 Empirical curve fitting 
It turns out that downwind deposits after a single-swath application can be fitted well using a 
double-exponential equation, apart from a limited nearby region (usually smaller than 10m): 
j = ax exp(- x/bx ) + a2 exp(- x/b2 ) (1) 
where ax, bx, a2 and b2 are empirical constants. The deposition curve for the second swath can be 
calculated after replacing x by x+L (L being the swath width). Similarly the contribution of 
swaths farther upwind can be calculated by subsequendy shifting x in steps of unit swath width. 
The sum of contributions for all swaths is a series of exponential functions like above, eventually 
resulting in the following equation for a full field application: 
= ax cxp(-x/bx) + a2 exp(-x/b2) 
1 - exp(- L/bx ) 1 - exp(- L/b2 ) 
2.5 Granule size distributions 
As mentioned in Chapter 1, granular pesticides should pass several tests: (a) particles smaller than 
250 urn must not exceed 4% (by weight) of the total formulation; (b) particles smaller than 
150 urn must not exceed 1% of the total formulation; (c) the 'dustiness' test should not result in 
more than 0.1% dust. Exact particle size spectra for granules are very rare. Until such a size 
spectrum is available, a discrete spectrum of a few sizes can be assumed, guided by the above 
requirements as upper limits. 
Assume as a worst case that the granular formulation just passes the test, e.g. exacdy 4% of the 
particles (by weight) is smaller than 250 urn, 1% is even smaller than 150 urn, and 0.1% can be 
considered as dust. Consequentiy, 3% by weight has particle size between 150 and 250 urn. 
Intuitively the worst situation would occur if all particles in this fraction are as small as possible, 
e.g. 151 urn. This however is rather unlikely, as is the situation with 3% consisting of particles of 
exactly 250 urn. A more realistic situation would be to assume that the 3% passing the 250 urn 
sieve but not the 150 urn sieve would consist of particles more or less evenly distributed with 
respect to size. For calculation purposes, this situation roughly is approximated by assuming 2% 
having size 250 urn and 2% having size 150 urn (1% slightiy larger than 150 um and 1% slighdy 
smaller than this size). Particles smaller than about 50 urn behave rather similar. It is reasonable 
to assume that 'dust' represent particles smaller than 50 urn. For calculation purposes any size 
will do, so assume 'dust' consists of 10 urn particles only. Obviously the dust fraction passes the 
150 urn sieve, so the fraction of about 150 urn should be 1.9% to sum up all fractions smaller 
than 250 urn correcdy to 4%. 
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3 Computations 
3.1 Spinning disc 
Figure 1 shows the simulation results of the downwind deposits after a single swath treatment 
with particles of size 250, 150 and 10 urn respectively. Clearly the larger particles do not drift far 
downwind, while the small 10 |J.m particles can travel large distances before settling to the 
ground. The dotted lines represent double-exponential fitted curves. Since the 250 um particles 
tend to deposit soon after release, they do not spread out over a full swath of 12 m, which results 
in locally extreme deposits much higher than 100%. 
For a full field application, the contribution of subsequent swaths must be summed. When the 
deposition range is relatively narrow, as with 250 fim particles, the contribution of the second 
swath and swaths farther upwind is insignificant. For small particles, however, upwind swaths 
may give rise to significant downwind deposits. Figure 2 gives an example of the cumulative 
effect of a series of swaths for an application of 10 fom particles. The final deposition curve for 
an infinite number of upwind swaths has much higher values than for a single swath only. The 
dotted line in Figure 2 is the analytical result (Eq.(2)) after summing a series of double-
exponential fitted curves, based on the single-swath fit of Figure 1. It indicates that with the 
analytical method small errors in the fitted single-swath curve may be enhanced to significant 
errors in the full- field approximation; see Discussion. 
Another feature shown in Figure 2 is that, although average deposits on the treated field (i.e. 
x<0) are 100%, there are locations where deposits are higher than 100%, while on other locations 
deposits are below 100%. This appears also true for locations up to about 10 m next to the 
treated field. Unfortunately, at the distance range where a ditch or stream are located, average 
deposits are higher than 100% in this case. 
Table 2 gives averaged deposits on the three types of surface water bodies (ditch, stream, pond), 
for various particle sizes and at varying weather conditions. The same results are shown in Figure 
3 for a ditch, and in Figure 4 for a pond. In general, the highest deposits occur in a strong wind 
and with neutral stability. For small particles (<50 ^.m) the effects of wind velocity and stability 
on downwind deposits are less pronounced, particularly considering a ditch or stream. Note that 
deposits of small particles onto a ditch or stream can be higher than 100%, caused by the local 
fluctuations over a swath, as mentioned above. 
The last column of Table 2 shows the airborne fraction at 50 m downwind from the point of 
release. Figure 5 shows these figures graphically. For small particles (<25 u\m) the airborne 
fraction is more sensitive to atmospheric stability than to average wind velocity, for slightly larger 
particles (>50 uvm) wind velocity becomes more important than stability. 
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Figure 1 Downwind particle deposits after a single-swath spinning disc treatment. Avg. wind velocity: 
5 m/s ; neutral stability. Dotted lines: double-exponential fitted curves. 
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Figure 2 Build-up of particle deposits after a full field application using spinning discs. Particle size: 
10 |jm; avg. wind velocity: 5 m / s ; neutral stability. Dotted line: analytical extrapolation of 
single-swath fit to full field situation. 
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Table 2 Effect of particle si2e and atmospheric conditions on deposits onto surface waters and 
on downwind airborne fraction, during a full field application using a spinning disc 
technique. Swath width: 12 m; initial velocity: 20 m/s (hor); release height: 0.50 m. 
Avgwind Atmospheric MO Particle Avg deposits Avg deposits Avg deposits
 2 
velocity stability length1 diameter onto ditch onto stream onto pond 
[m/s] foil Rim! [%] [%\ [%] 1%] 
5 N ^ t r d Infinke" 250 7.00 4.20 0.09 0.00 
150 65.3 55.5 5.54 0.31 
100 95.2 89.9 18.8 4.5 
75 102.4 92.5 25.7 9.7 
50 106.8 102.5 32.0 16.4 
25 108.3 106.6 37.7 24.0 
10 110.8 105.7 40.4 26.5 
unstable T s 2 5 0 11.2 8.32 0.36 0.00 
150 61.8 54.9 6.68 0.79 
100 87.3 80.3 17.0 4.9 
75 95.7 90.5 22.6 9.0 
50 97.4 95.7 27.6 13.8 
25 105.5 101.9 32.3 18.0 
10 108.6 101.5 35.3 20.9 
"Neutral Infinite 250 0.00 0.00 0.00 0.00 
150 16.3 13.0 0.54 0.01 
100 72.8 64.5 8.76 1.0 
75 92.0 83.9 17.9 4.5 
50 101.6 99.5 26.6 11.3 
25 109.5 103.1 35.1 20.6 
10 112.4 109.9 40.1 25.8 
unstable ^ 5 250 0.52 0.52 0.01 0.00 
150 22.2 18.2 1.61 0.07 
100 62.3 55.3 9.48 2.0 
75 76.9 73.3 15.6 4.9 
50 88.3 86.9 21.5 9.3 
25 99.9 98.0 27.3 14.2 
10 103.2 96JS 314 17.4 
» MO length - Monin-Obukhov length; 2 airborne fraction at 50 m downwind 
Assuming a granule formulation containing 2% (by weight) of particles of 250 um diameter, 
1.9% of 150 urn particles, and 0.1% of 10 urn particles (see Section 2.5), the fractional 
contributions of each size class and the weighed deposits are shown in Table 3. Clearly for each 
water body deposits are highest in a strong wind, whereas stability has only a minor effect. The 
results indicate that deposits are very sensitive to wind velocity: at 5 m/s wind velocity deposits 
are roughly three times as high as at 3 m/s . The table also shows that for the chosen formulation 
the fractional deposits of 150 urn particles are highest, except for a pond and a wind velocity of 
3 m/s , where the 10 urn particles contribute most to the deposits. 
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Figure 3 Average deposits onto a ditch as a function of particle size, for a full field application using 
spinning discs, under varying weather conditions. 
250 150 100 75 50 
particle size [urn] 
25 10 
Swind 5; neutral D wind 5; unstable • wind 3; neutral CI wind 3; unstable 
Figure 4 Average deposits onto a pond as a function of particle size, for a full field application using 
spinning discs, under varying weather conditions. 
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250 150 100 75 50 
particle size [um] 
25 10 
I wind 5; neutral • wind 5; unstable I wind 3; neutral • wind 3; unstable 
Figure 5 Airborne dust fraction 50 m downwind from the point of release as a function of particle 
size, for a spinning disc application (single-swath), under varying weather conditions. 
Table 3 Weighed deposits on three types of surface water bodies during a full field application 
using a spinning disc technique and an imaginary granular formulation just passing the 
size tests for granules and dustiness, for various atmospheric conditions. Swath width: 
Surface 
water 
Ditch 
Stream 
Pond 
Wind 
velocity 
[m/s] 
5 
3 
5 
3 
5 
3 
" — 
Atmospheric 
stability 
Neutral 
Unstable 
Neutral 
Unstable 
Neutral 
Unstable 
Neutral 
Unstable 
Neutral 
Unstable 
Neutral 
Unstable 
Fractional deposits 
250um; 2% 150um; 1.9% 
0.14 
0.22 
0.00 
0.01 
0.08 
0.17 
0.00 
0.01 
0.00 
0.01 
0.00 
0.00 
1.24 
1.17 
0.31 
0.42 
1.06 
1.04 
0.25 
0.35 
0.11 
0.13 
0.01 
0.03 
[%] 
lOum; 0.1% 
0.11 
0.11 
0.11 
0.10 
0.11 
0.10 
0.11 
0.10 
0.04 
0.04 
0.04 
0.03 
Weighed 
deposits 
[%] 
1.49 
1.51 
0.42 
0.53 
1.24 
1.31 
0.36 
0.45 
0.15 
0.17 
0.05 
0.06 
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3.2 Boom spreader 
In Figure 6 the downwind deposits as a function of distance is shown for a 'single-swath' 
application using a boom spreader. The 'single-swath' is an imaginary swath of 0.1 m width, the 
centre of which has an imaginary point source producing particles (see Section 2.1.2). The 
deposition curve for particles of size 250, 150 and 10 urn are shown, in an average wind velocity 
of 5 m/s and under neutral stability conditions. The dotted lines represent the double-
exponential fitted curves. The plot is very similar to the one for a spinning disc application, 
although the y-axis has a different scale primarily due to the different swath width. 
For a full field application, the contribution of subsequent swaths (shifted upwind in steps of 
0.1 m) must be summed. With such (intentionally) narrow imaginary swaths, in all cases upwind 
swaths will contribute to the full field deposition distribution. However, in case of 250 urn 
particles the number of swaths contributing significantly is relatiely limited (in the order of 100), 
while in case of 10 um particles this number can be enormous (several thousands). Figure 7 
shows the cumulative deposits of such a full field application after summing swaths that 
contribute significandy. Periodic fluctuations, as with a spinning disc application, are absent in 
this case. Deposits outside the treated field remain high (essentially equal to the in-field dosage of 
100%) for a certain distance, and decrease with distance farther downwind. In case of 10 urn 
particles the rate of decrease is only low, resulting in relatively high deposits at a wide range of 
distances. The dotted lines in Figure 7 are the results of the analytical summations (Eq.(2)). 
Especially in the case of small particles, where the summation is over a large number of swaths, 
small errors tend to become large and the analytical curve does not fit the simulation results well 
(see Discussion). 
Table 4 gives averaged deposits on the three types of surface water bodies (ditch, stream, pond), 
for various particle sizes and at varying weather conditions. The same results are shown in Figure 
8 and Figure 9 for a ditch and pond, respectively. In general, the highest deposits occur in a 
strong wind and with neutral stability. For small particles (<100 (am) the effects of wind velocity 
and stability on downwind deposits onto a ditch or stream are only small. Since the ditch and 
stream are relatively close to the application equipment (see Table 1 in Section 2.3), a 
considerable amount of larger particles (150 and 250 urn) still can deposit onto ditch and stream, 
but not onto a pond. 
The last column of Table 4 shows the airborne fraction, 50 m downwind from the point of 
release. These figures are almost equal to the corresponding figures for a spinning disc 
application (Table 2). 
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Figure 6 Downwind particle deposits after a 'single-swath' (0.1 m) application using a boom spreader. 
Avg. wind velocity: 5 m/s ; neutral stability. Dotted lines: double-exponential fitted curves. 
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Figure 7 Build-up of particle deposits after a full field application using a boom spreader. Particle 
sizes: 250, 150,10 |Jm; avg. wind velocity. 5 m/s ; neutral stability. Dotted lines: analytical 
extrapolation of single-swath fit to full field situation. 
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Table 4 Effect of particle size and atmospheric conditions on deposits 
on downwind airborne fraction, during a full field application 
Initial velocity: 1 m/s (downward); release height: 0.50 m 
onto surface waters and 
using a boom spreader. 
Avgwind 
velocity 
[m/s] 
5 
5 
3 
3 
Atmospheric 
stability 
Neutral 
Unstable 
Neutral 
Unstable 
MO 
length ' 
[m] 
Infinite 
-15 
Infinite 
-7.5 
Particle 
diameter 
fum] 
250 
150 
100 
75 
50 
25 
10 
250 
150 
100 
75 
50 
25 
10 
250 
150 
100 
75 
50 
25 
10 
250 
150 
100 
75 
50 
25 
10 
Avg deposits 
onto ditch 
[%] 
65.5 
94.2 
98.4 
99.1 
99.5 
99.7 
99.9 
64.7 
92.1 
97.0 
98.1 
98.7 
99.4 
99.6 
21.5 
80.2 
96.0 
98.2 
99.2 
99.7 
99.8 
25.9 
76.2 
91.8 
95.0 
97.3 
98.7 
99.0 
Avg deposits 
onto stream 
[%] 
42.3 
86.6 
95.8 
97.5 
98.6 
99.2 
99.5 
43.7 
83.8 
93.1 
95.5 
96.8 
98.2 
98.7 
5.05 
61.9 
90.2 
95.2 
97.8 
99.1 
99.5 
9.24 
59.3 
83.8 
89.8 
93.9 
96.7 
97.6 
Avg deposits 
onto pond 
[%] 
0.22 
6.88 
23.8 
34.1 
44.1 
52.8 
57.1 
0.46 
8.30 
22.7 
31.1 
38.6 
45.9 
49.5 
0.00 
1.18 
11.5 
22.9 
36.7 
49.5 
56.7 
0.01 
2.27 
12.5 
21.0 
29.8 
39.6 
44.3 
AB50 2 
[%] 
0.0 
0.2 
4.4 
9.7 
16.1 
22.9 
26.9 
0.0 
0.6 
4.9 
8.6 
13.5 
18.2 
20.8 
0.0 
0.0 
1.0 
4.3 
11.3 
20.5 
26.1 
0.0 
0.1 
1.8 
4.7 
8.9 
14.3 
17.4 
MO length = Monin-Obukhov length; 2 airborne fraction at 50 m downwind 
The fractional contributions and weighed deposits for a granule formulation containing 2% (by 
weight) of particles of 250 |rm diameter, 1.9% of 150 |J.m particles, and 0.1% of 10 ^.m particles 
(see Section 2.5) are shown in Table 5. For each water body the deposits are highest in a strong 
wind; stability has only a minor effect. The deposits appear to be sensitive to changes in wind 
velocity, but not as sensitive as for a spinning disc application (see Table 3). When wind velocity 
increases from 3 to 5m/s, deposits on a ditch increase by roughly a factor 1.5, on a stream by a 
factor of almost 2, and on a pond by a factor of about 2.5. Like before, the fraction of 150 ^ 
particles is most hazardous to surface waters, except for a pond and with 3 m/s wind velocity, in 
which case the 10 fj.m particles contribute most to the weighed deposits. 
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Figure 8 Average deposits onto a ditch as a fonction of particle size, for a fall field application using a 
boom spreader, under varying weather conditions. 
250 150 100 75 50 particle size [urn] 
äwind 5; neutral Dwind 5; unstable »wind 3; neutral Dwind 3; unstable 
Figure 9 Average deposits onto a pond as a function of particle size, for a full field application using a 
boom spreader, under varying weather conditions. 
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Table 5 Weighed deposits on three types of surface water bodies during a full field application 
using a b o o m spreader and an imaginary granular formulation just passing the size 
tests for granules and dustiness, for various atmospheric conditions. Release height: 
0.50 m. 
Surface 
water 
Ditch 
Stream 
Pond 
Wind 
velocity 
[m/s] 
5 
3 
5 
3 
5 
3 
Atmospheric 
stability 
Neutral 
Unstable 
Neutral 
Unstable 
Neutral 
Unstable 
Neutral 
Unstable 
Neutral 
Unstable 
Neutral 
Unstable 
Fractional deposits 
250um; 2% 150nm; 1.9% 
1.31 
1.29 
0.43 
0.52 
0.85 
0.87 
0.10 
0.18 
0.00 
0.01 
0.00 
0.00 
1.79 
1.75 
1.52 
1.45 
1.65 
1.59 
1.18 
1.13 
0.13 
0.16 
0.02 
0.04 
[%] 
lOum; 0.1% 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.06 
0.05 
0.06 
0.04 
Weighed 
deposits 
[%] 
3.20 
3.14 
2.05 
2.06 
2.59 
2.57 
1.38 
1.41 
0.19 
0.22 
0.08 
0.09 
3.3 Spinning disc — additional scenarios 
T o investigate the effect of release height and initial velocity for the spinning disc application, a 
few additional situations are studied at reduced height and increased velocity. The results are 
summarized in Table 6. For comparison the results at 0.50 m release height are copied from 
Table 2. 
Table 6 Average deposits on surface water bodies and downwind airborne fraction for a full 
field spinning disc application at reduced release height and two initial particle 
velocities, for particle sizes 10 and 150 fxm; at neutral stability. Results at 0.50 m 
release height are added for comparison (in italics; copied from Table 2). 
Particle 
diameter 
fcm1 
Avgwind 
velocity 
[m/s] 
Release 
height 
M 
Initial 
velocity 
[m/s] 
Avg deposits 
onto ditch 
m 
Avg deposits 
onto stream 
Avg deposits 
onto pond 
[%] 
ABso 
10 
150 
0.50 
0.25 
0.25 
0.50 
0.25 
0.25 
0.50 
0.25 
0.25 
0.50 
0.25 
0.25 
• 20 
20 
40 
20 
20 
40 
20 
20 
40 
20 
20 
40 
110.8 
86.2 
86.3 
112.4 
90.8 
90.4 
65.3 
11.6 
14.0 
16.3 
0.60 
1.12 
105.7 
81.9 
86.0 
109.9 
85.7 
87.5 
55.5 
10.2 
10.3 
13.0 
0.52 
0.64 
40.4 
25.4 
25.1 
40.1 
24.7 
24.4 
5.54 
0.71 
0.70 
0.54 
0.00 
0.01 
26.5 
15.5 
14.8 
25.8 
14.8 
14.6 
0.31 
0.02 
0.03 
0.01 
0.00 
0.00 
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3.3.1 Effect of release height 
So far release height was fixed at 0.50 m above bare ground. Intuitively, reducing release height to 
0.25 m should reduce downwind deposits. Indeed the results in Table 6 show that deposits of 
10 urn particles onto ditch and stream are reduced by about 20%, while deposits onto a pond and 
the airborne fraction are reduced by about 40%. These reductions appear to be unaffected by 
wind velocity changes. For 150 urn particles reductions are much higher: 80-90% at wind velocity 
5 m/s , and more than 95% in a 3 m/s wind. 
3.3.2 Hffect of initial velocity 
The results of Table 6 indicate that initial velocity of particles ejected from a spinning disc is not 
very important regarding downwind deposits of 10 (im particles, since the results for 20 and 
40 m/s initial velocity are almost equal. For 150 urn particles, however, a higher initial velocity 
seems to give rise to higher deposits on the ditch. Yet on a stream, which is located only 0.5 m 
farther downwind, this increase in deposits is much less. The observed differences may be due to 
coincidental deviations caused by the stochastic nature of the simulation process. Indeed, looking 
at the deposition curves, a significant difference caused by a difference in initial velocity is not 
observed (Figure 10). 
1000 
-40 m/s 
-20 m/s 
h ni i °i 
20 30 
downwind distance from release point [m] 
40 50 
Figure 10 Distribution of downwind deposits of 150 um particles ejected at different horizontal 
velocities, for a full field spinning disc application. Release height: 0.25 m; avg wind velocity: 
5 m/s; neutral stability. 
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3.4 Conventional spraying 
A few cases of a spray application using a conventional boom sprayer have been worked out. 
Two cases without a crop (equivalent crop height 0.05 m) are selected, to compare spray 
application with previous granular applications on bare ground. Additionally, two cases with a 
medium and mature crop are studied, to represent a more realistic spraying situation. To imply a 
typical worst case, relatively fine nozzles are used (BCPC F/M threshold nozzles), and wind 
velocity is set to 5 m/s . Further settings are an air temperature of 15°C and 60% relative 
humidity, driving speed 1.5 m/s , outer nozzle 0.5 m upwind from field edge (or crop edge), top 
of bank 0.5 m downwind from field edge. Simulation results are shown in Table 7. 
On bare ground (crop height 0.05 m) and with sprayer boom height of 0.25 m the deposits due 
to spray drift are lowest. When the sprayer boom is raised to 0.50 m, spray deposits on the water 
surfaces appear to increase by a factor of about 7. When the crop matures (grows) and boom 
height remains 0.5 m above the crop, spray deposits further increase progressively, especially 
onto ditch and stream. 
The IMAG Drift Calculator, a tool to estimate spray drift based on actual field measurements, 
can be used as well to indicate spray drift in a comparable situation. The case of fruiting 
vegetables comes closest to the settings mentioned above (e.g. distance of last nozzle to crop 
edge 0.5 m, crop edge to top of bank 0.5 m, crop height 0.5 m). However, average wind velocity 
is less (about 3 m/s), and nozzles are slighdy coarser (within the BCPC Medium class). Indeed 
the results from the IMAG Drift Calculator are slighdy lower than the corresponding simulation 
at a wind velocity of 5 m/s , with the same crop height and sprayer boom height. 
Table 7 Spray drift on FOCUS surface waters after a conventional spray application in a 
relatively strong wind (5 m/s). Surface water distance ranges: with respect to edge of 
field. * 
Crop height 
M 
0.05 
0.05 
0.25 
0.50 
0.50 
Boom height 2 
M 
0.25 
0.50 
0.50 
0.50 
0.50 
Ditch 
(1-2 m) 
I%1 
0.43 
2.9 
3.2 
6.6 
4.9 3 
Stream 
(1.5-2.5 m) 
[%1 
0.30 
2.1 
2.0 
4.2 
2.6 3 
Pond 
(3.5-33.5 m) 
[%1 
0.026 
0.20 
0.21 
0.28 
0.18 3 
1 Crop edge to top of bank: 0.5 m; first nozzle 0.5 m upwind from crop edge; neutral stability; air temperature 15°C; 
relative humidity 60%; nozzle BCPC F / M threshold nozzle (VMD 220um; V100 10%); driving speed 1.5 m / s 
2 height above crop canopy 
3 from IMAG Drift Calculator (vl.2) for a crop of 'fruiting vegetables' in FOCUS-like scenarios; wind is 3 m / s 
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4 Discussion 
This study shows that downwind particle distributions can be estimated using the IDEFICS 
spray drift model. However, this model was validated for spray drift only, and validated for 
downwind distances of 0-15 m roughly. This implies that the results may not be very accurate. 
Yet the physical principles used are not limited to 0-15 m. Besides, this physical basis does not 
discriminate between droplets and solid particles. Consequently the results are expected to 
indicate the downwind deposits of solid particles fairly well. 
Table 8 brings together the results for granule applications with spinning discs and boom 
spreader, and a conventional boom sprayer for droplet application (data copied from Table 3, 
Table 5 and Table 7). All figures correspond to a situation with an average wind velocity of 5 m/s 
and neutral stability, and particles released 0.50 m above bare ground. The results indicate that 
deposits of dust and small particles from granules can be as hazardous to surface waters as spray 
drift. While the spray drift data are sensitive to the type of nozzles used, the data for granules are 
sensitive for the actual particle size distribution. Note that the imaginary granules and 
environmental conditions in this study are realistic worst case. 
Table 8 Comparison of average deposits on three surface water bodies, for two granule 
application techniques and one conventional spray application technique. Average 
wind: 5 m/s ; neutral stability; release height: 0.50 m; bare ground. 
Granule: Granule: Spray: 
ce \va er o y spinning disc boom spreader boom sprayer 
m m m 
Ditch 1.5 3.2 2.9 
Stream 1.2 2.6 2.1 
Pond 015 019 O20 
Behaviour of small particles 
Particles smaller than 50 fim in diameter are considered 'dust' and behave very similar in an 
ambient airflow since their sedimentation velocity is negligible with respect to airflow and local 
turbulence. Yet the results in this study indicate that even for such small particles different 
behaviour can be observed, when looking at deposits far downwind. E.g. deposits on a pond are 
significantly higher for 10 fim particles than for 25 or 50 iim particles (see Figure 4 and Figure 9). 
Also the airborne fraction at 50 m downwind is different for these particle sizes (Figure 5). Note 
that, although 10-50 (im particles all follow local changes in airflow easily, 50 [im particles still are 
125 times as heavy as 10 |xm particles! 
Granule si%e distribution 
The particle size distribution for actual granule formulations was unknown, so an imaginary size 
distribution was chosen to calculate the weighed deposits onto a surface water body. Other 
choices obviously may lead to other results. When actual size distributions are known, the present 
results can be used to estimate actual deposits more accurately. The chosen range of particle sizes 
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in this study (10, 25, 50, 75, 100, 150 and 250 (Xm) offers the possibility of interpolation to obtain 
fractional deposits for intermediate particle sizes. 
The largest particles in this study are 250 um. These still contribute significantly to downwind 
deposits in some situations. This does not exclude particles larger than 250 fim to reach surface 
waters too. Particularly in spinning disc applications, where the swath width cannot be 
distinguished sharply, large particles may reach a nearby ditch or stream. Even small amounts of 
such large particles may be harmful due to their much larger volume. 
The criteria a granular pesticide must pass can be seen as upper levels of possible deposits. For 
instance, the 'dustiness-test' limits the dusty fraction to 0.1%. If all these small particles would 
contribute to deposits onto surface waters, deposits would be 100% of the applied dosage for 
that size range. Effectively, with respect to the total granule formulation these small particles 
would give rise to downwind deposits of only 0.1% of the totally applied dosage. Similarly, if only 
particles smaller than 250 urn would have to be considered, the downwind deposits cannot be 
higher than 4% of the applied dosage. However, this does not account for periodically fluctuating 
deposits as observed with spinning discs. Further, the 250 fxm boundary is artificial and does not 
prevent larger particles to reach the surface water under certain conditions. This means that 
occasionally deposit levels of more than 4% would be possible, even if the granule formulation 
has passed the dust tests successfully. 
Accumulation of errors in full field extrapolation 
The 'analytical method' to describe the deposits for a full field application (basically Eq.(2)) 
appears to differ from the approach based on the accumulation of actual simulation results (the 
'direct method'). In fact a single-swath fitted curve (Eq.(l)) is the best fit, yet based on a wide 
range of distances. For distances far beyond the simulated range it may not fit well at all. 
Deviations are inevitable at such distances, and these can be enhanced considerably after 
summing over a large number of upwind swaths. E.g. thousands of swaths are involved for the 
full field approach using the boom spreader, in case of 10 urn particles. The analytical method in 
this case gives results which differ from the direct method. It shows that although curve-fitting 
has obvious advantages, the use of values extrapolated far beyond the fitted range may lead to 
false results. 
Hjfect of wind velocity 
Clearly average wind velocity is an important parameter for drift, whether it concerns droplets or 
dust particles. Indeed the results for medium-sized dust particles (>100 um roughly) show an 
increase in downwind deposits with an increase in average wind velocity. Remarkably, for small 
particles (<25 um) a change in wind velocity is hardly affects downwind deposits. This can be 
explained as follows. Firstly, such small particles are all highly drift-prone; increasing wind 
velocity does not increase the number of particles in the drift cloud, since all particles are in that 
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cloud already. Secondly, downwind deposit rates are determined by sedimentation velocity and 
turbulence intensity (which causes the particle cloud to spread out and touch the ground). 
Typically, sedimentation velocity of 10 (J,m water droplets is 3 mm/s, while the time scale for 
flow adaptation is about 0.3 ms (Holterman, 2003); spherical dust particles of the same size and 
density will have comparable characteristics. Therefore, for such small particles sedimentation 
velocity is completely negligible with respect to the local air velocities caused by turbulence. 
Besides, due to their short adaptation time, particles follow local air flow almost perfectly. The 
rate of spreading of the particle cloud depends on the local diffusion constant (momentum 
transfer diffusivity KJ, which is a linear function of friction velocity, whereas friction velocity is 
linearly proportional to average wind velocity. The cloud width at a certain downwind distance is 
proportional to the square root of diffusivity and time of travel (e.g. Hanna, eta/., 1982): 
ox = j2Kj (3) 
Recall that Km is proportional to wind velocity, while time of travel is inverse proportional to 
wind velocity. In effect the cloud width at a certain location must be independent of wind 
velocity. So the shape of the particle cloud is independent both of particle size and of wind 
velocity, which results in the observed behaviour that downwind deposit rates for small particles 
are very similar for different wind velocities, regardless of the exact particle size. 
Effect of turbulence intensity 
From a modelling perspective it is convenient to assume neutrally stable conditions. In practice, 
however, often unstable conditions are present. Typically this occurs on a bright sunny day, 
where the ground is heated by the sun, giving rise to a negative vertical temperature gradient in 
the air. In such a situation the vertical mixing of air is enhanced. Therefore it is expected that 
clouds of small particles (that will adapt to local air flow rapidly) will spread faster (vertically) 
under unstable conditions than under neutral conditions. The opposite will be the case for stable 
conditions. Clearly this will affect the distribution of downwind deposited particles (both in curve 
shape and overall dose). 
The results of the current study indicate that under unstable conditions the deposits of small 
particles (<50 fjm) are lower than those under neutral conditions, particularly at low wind 
velocity and onto a pond. This seems to contradict the result that the airborne fraction AB50 for 
small particles (<50 (im) is significantly lower under unstable conditions than under neutral 
conditions, which implies that average deposits the first 50 m downwind must be higher under 
unstable conditions. It turns out that in an unstable situation the deposits onto the first few 
downwind meters (0-5 m from the particle source) are enhanced significantly with respect to 
neutral conditions, which apparently cannot be compensated completely by the reduced deposits 
farther downwind, resulting in an overall lower airborne fraction 50 m downwind. 
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Effect of release height 
As expected, the additional scenarios indicate that deposits onto surface waters decrease when 
the release height is decreased. Often release height and wind velocity show a combined (i.e. non-
linear) effect: e.g. for 150 urn particles a lowered height of release reduced deposits 80-90% in a 
strong wind, whereas reductions of more than 95% are obtained in a moderate wind velocity. For 
small particles (10 urn) this combined effect is almost absent: reductions due to reduced release 
height are the same for varying wind velocities. Although these scenarios involved spinning discs 
only, there is no reason to assume essentially different results for a boom spreader. 
Effect of initial velocity 
According to the results for the additional scenarios involving spinning discs, an increase in initial 
velocity (40 instead of 20 m/s) hardly affects downwind deposits, irrespective of particle size (10-
150 um), weather conditions or location of t he water body. This is due to the fact that initial 
velocity only affects the cloud shape near the applicator disc. Soon after release, particles in the 
given size range will adapt to local air flow, as far as their mass allows them to. When the direct 
effect of initial velocity has vanished a small circular cloud not far from the applicator disc 
remains. This circular cloud can be interpreted as a kind of imaginary release area. The size of this 
circle depends on particle size, yet for the given size range still is small (<0.5 m radius) with 
respect to the large distances small particles can travel downwind, and therefore no significant 
effect remains in off-target deposit rates. Essential however is the fact that initial velocity is 
horizontal, so that the circular cloud is at the same height above the ground as the applicator 
disc. 
For a boom spreader initial (vertical) velocity is very low. If a significant initial velocity would be 
assumed, the imaginary release area (where initial velocity has almost vanished) would not be at 
the same height but at a level significantly closer to the ground. Since deposits are shown to be 
very sensitive to changes in release height, in this case an increased initial velocity would yield a 
clearly observable reduction of deposits. 
Entrained air 
In conventional spray applications, ambient air is entrained into the spray cone, due to larger 
droplets moving at relatively high speed. Smaller drops, which can adapt themselves quite easily 
to local air flow, tend to follow the movements of entrained air. Thus a larger number of small 
drops can reach the target (crop) than would be expected if no entrainment would occur. 
Similarly, a granule application as considered in this study probably exhibits a phenomenon of air 
entrainment as well, from which small dust particles can profit. However, in this study 
entrainment of air is neglected, since no experimental data were available to validate a rational 
entrainment model. On the other hand, from spinning discs all granules are ejected horizontally, 
and the entrained air would imply a horizontal air movement as well. Such an additional air 
movement is not expected to enhance or hinder dust deposition, contrary to the vertically 
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downward movement of entrained air in conventional spray application. See above on the effect 
of initial velocity. 
For a boom spreader entrained air does not occur, since the particles are released at low velocity 
only. Again, like the direct effect of initial (vertical) velocity on deposits, if entrainment would 
occur in case of boom spreaders this would reduce deposits considerably. 
Particle shape and si%e 
In all calculations it is assumed that the granular particles are spherical. In practice this will not be 
the case, generally. The more particle geometry differs from an ideal sphere, the more air friction 
will increase with respect to particle mass. This means that realistic, non-spherical particles are 
more sensitive to air movements than spherical particles of equal mass; i.e. such particles tend to 
behave like spherical particles of lower density. However, in many cases the simulations results 
for relatively small particles (<50 urn) are very similar, which indicates that downwind drift and 
deposition are mainly governed by wind velocity and turbulence rather than by particle size, as 
long as sedimentation velocity of the particles is much smaller than local air velocities. 
However, if particles slightly larger than 250 |4,m appear to behave in air like particles smaller than 
250 um, the apparent fraction of potentially hazardous particles may well be over the 4% limit. 
Consequently, the calculated deposits in this study would have been higher in case of non-
spherical particles. Yet as long as,particles are relatively compact (unlike e.g. 'long needles' or 'flat 
discs'), the present results for spherical particles are acceptable estimates. 
Comparing dust deposits and spray deposits 
It is not easy to compare the results for downwind dust deposits and those for spray droplets. 
Firstly, the actual particle size spectrum for dusts is unknown. Secondly, the application 
techniques are completely different. Thirdly, the field situations are different as well: granules are 
applied to bare ground, while sprays usually are applied to crops of a certain size. Yet if these 
arguments are left as they are, the results of Table 8 show that similar levels of deposits onto 
surface water bodies can be expected, at least as percentages of applied dosage. Obviously, 
whether such levels of dust deposits are hazardous or not depends on the actual applied dosage 
(e.g. kg/ha), the toxicity of the dust material, and the number of applications within a year. This 
lies beyond the goals of the present study. 
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5 Conclusions 
The modified IDEFICS model for spray drift can be used to quantify downwind deposits of dust 
particles as well. 
Under realistic worst case conditions, deposits onto a FOCUS-SW defined ditch or stream can be 
as high as about 3% of the applied dosage for a boom spreader, and about 1.5% for an 
application using spinning discs. Deposit levels onto a pond are about 0.2%, both for a boom 
spreader and a spinning disc technique. 
Particles larger than about 100 |^m in diameter settle relatively soon. Typically, particles of si2e 
250 |xm will not deposit farther downwind than about 15m from the point of release, under 
realistic worst conditions. 
In many cases, particles smaller than about 25 \\m behave very similar with respect to drift. This 
is due to the fact that their sedimentation velocities are completely negligible with respect to the 
velocities involved in local air flow. In fact such small particles follow local air flow accurately. At 
considerable downwind distances, however, particle size effects can still be observed (e.g. 
deposits onto a pond, airborne fraction 50 m downwind). 
Considering weather conditions, downwind deposits of larger particles (100-250 \xm) are affected 
primarily by wind velocity rather,than by atmospheric stability. On the other hand, deposits of 
small particles (<50 (J.m) are more sensitive to atmospheric stability than to wind velocity. 
Downwind deposits for a boom spreader are higher than those for a spinning disc technique, 
since the utmost point of release on a boom spreader is close to the field edge, while the outmost 
spinning disc is half a swath (e.g. 6 m) upwind from the field edge. 
The initial velocity of the particles leaving the spinning disc hardly affects downwind deposit 
rates. Soon after release this initial velocity has vanished and particles are left in similar positions, 
regardless of initial velocity. 
Reducing height of release causes deposit rates to decrease. 
Generally, weighed deposits for a granule formulation onto surface waters are hardly affected by 
atmospheric stability, since the largest contribution to deposits comes from particles in the size 
range 100-250 fam, which are insensitive to stability changes. 
©Agrotechnology & Food Innovations B.V. Member of Wageningen UR 31 
References 
CIPAC (1995) 
CIPAC Handbook F, Physico-chemical methods for technical and formulated pesticides. 
Eds: Dobrat W., Martijn A. Collaborative International Pesticides Analytical Council 
(CIPAC), Ltd., Cambridge, UK. 472 pp. 
Hanna S.R., Briggs G.A., Hosker R.P. Jr. (1982) 
Handbook on atmospheric diffusion. 
Technical Information Center, U.S. Dept. of Energy, USA. 97 pp. 
Hofstee J.W. (1993). 
Physical properties of fertilizer in relation to handling and spreading. 
Thesis, Wageningen University, Wageningen, The Netherlands. 146 pp. 
Holterman H.J. (2003). 
Kinetics and evaporation of water drops in air. 
IMAG Report 2003-12. IMAG, Wageningen, The Netherlands. 67 pp. 
Holterman H.J., Van de Zande J.C., Porskamp H.A.J., Huijsmans J.F.M. (1997). 
Modelling spray drift from boom sprayers. 
Computers and Electronics in Agriculture, 19: 1-22. 
Matthews G.A., Hislop E.C. (Eds.), (1993). 
Application technology for crop protection. 
CAB International, Wallingford, Oxon, UK. 359 pp. 
©Agrotechnology & Food Innovations B.V. Member of Wageningen UR 33 
Appendix A. Initial velocity for spinning disc 
The initial velocity v0 of the granules leaving a spinning disc is determined by angular frequency co 
and radius r of the application disc: 
Angular frequency equals 2 71 times rpm/60. In fact for the simulation model only initial velocity 
is important, not the actual values of angular frequency and disc radius. For a rotation rate of 
2000 rpm (Matthews & Hislop, 1993) and disc radius of 10 cm, initial velocity is about 21 m/s . 
The covered plot for a stationary rotating disc in the absence of wind is a circle. The radius of 
this circle depends on initial velocity and size of the granules. The larger the granules are, the 
larger the circular plot is, since deceleration for large particles due to air friction is less than for 
small particles. Using the IDEFICS model, the radius of the covered circular plot can be 
estimated. Table A.l below shows plot radii for various initial velocities and granule sizes, using 
an application disc at a height of 0.25 m. From the table it is clear that a swath radius of 6 m 
(Matthews & Hislop, 1993) is only possible if average granule size and initial velocity are large 
enough. The last column shows the effect of density as well: granules with larger density 
obviously can travel a larger distance. 
Table A.l Radius of deposition plot for various initial velocities and granule diameters; release 
height 0.25 m; no wind or turbulence. 
Initial velocity 
[m/s] 
20 
30 
40 
Granule diameter 
Tumi 
500 
1000 
1500 
2000 
500 
1000 
1500 
2000 
500 
1000 
1500 
2000 
Radius of 
e» = 1000 kg/m3 
1.65 
2.65 
3.15 
3.45 
2.15 
3.45 
4.25 
4.75 
2.35 
4.05 
5.15 
5.85 
deposition plot 
e«r = 
'M 
2000 kg/m3 
2.45 
3.35 
3.75 
3.95 
3.15 
4.65 
5.25 
5.55 
3.75 
5.65 
6.55 
7.05 
plot radius uncertainty: ±0.05 m; release height 0.25 m above grass canopy 
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